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TITE FIELD OF THE ENGINEER 
IN
PUBLIC UTILITY REGULATION
I. PUBLIC UTILITY REGULATION
Of recent years the question of put>lio u t ility  
regulation has been more and more before the public and the 
problems in connection with this regulation have been pre­
sented more and more urgently to the public mind for 
solution. But why is the regulation of public u t ilit ie s  
necessary?
The term "public u tility " has been variously 
defined by various persons and authorities, nearly a ll the 
regulatory statutes containing a definition of the term.
The definition contained in the Illin o is  Statute is as good 
as any and is comprehensive.
"The term ’ public u tility* when used in this Act, 
means and includes every corporation, company, association, 
joint stock company or association, firm, partnership or 
individual, their lessees, trustees, or receivers appointed 
by any court whatsoever ♦ * ♦ ♦ that now or hereafter:
(a) May own, control, operate or manage, within 
the State, directly or indirectly for public use, any 
plant, equipment or property used or to be used for or in 
connection with the transportation of persons or property 
or the transmission of telegraph or telephone messages 
between points within this State; or for the production, 
storage, transmission, sale, delivery or furnishing of heat, 
cold, light, power, electricity or water; or for the convey­
ance of o il or gas by pipe line; or for the stors^e or 
warehousing of goods; or for the conduct of the business of 
a wharfinger; or that
(b) May own or control any franchise, license, 
permit or right to engage in any such business."
Wherein are these business enterprises known 
as "public u t ilit ie s "  different from other business enter­
prises? The business of a public u t ility  is inherently 
monopolistic in its tendency. The law and the public 
recognize that it should be. I f  a man lives in a certain
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location in a certain town and desires to purchase a quan­
tity  of groceries, he may do so from a number of different 
competitive merchants being guided by his own inclination 
in his choice of a place to trade. The quality and price 
of the articles he buys w ill be controlled by the desire of 
each merchant to obtain and hold the patronage of the people, 
This is regulation by competition.
In the fie ld  of the public u tility , however, the 
article to be furnished is usually a service which must be 
rendered from day to day and month to month with unvarying 
regularity. This service must be conveyed to the consumer 
through some channel installed in such a manner that the 
purchaser of the service may have it  available instantly 
upon demand. This channel may be a ra il, a pipe, a wire, 
biat its  nature is  such that it  cannot be installed or 
withdrawn at w ill and it  is therefore of a permanent 
character. Obviously then it is impossible that a number 
of concerns should attempt to render this same consumer 
the same kind of service. This means that in order that 
the consumer may receive a trustworthy and valuable service, 
the company rendering this service must be given a practical 
monopoly of the business of furnishing this service. With 
one company in possession of an exclusive f ie ld  the auto­
matic regulation by competition is destroyed. As human 
nature is pretty much the same in any enterprise, we may 
then expect to see the quality of the service go down and 
the price go up. Rates w ill be based on "what the tra ffic  
w ill bear" rather than "what the service is worth". Here 
then we see the need for regulation of this monopolistic 
enterprise by some agency under the control of the people.
To be sure in the past we have had a thing which has been 
called regulation of public u t ilit ie s  but it has often 
resulted in making worse those troubles it  sought to 
correct and promoting politica l corruption and strife .
The attempts at regulation by our city councils 
have usually been haphazard and the culminations of some 
gradually aroused public opinion or they have been the 
result of some effort on the part of the u tility  to secure 
an extension of, or an increase in, its powers with a 
consequent trading back and forth, each side attempting to 
secure the advantage in the final settlement. As a rule, 
in these negotiations, the u tility  companies have come 
out the victor because of their better organization and 
understanding of the matters presented. The city govern­
ment cannot be expected to be experts in questions of this 
nature and also experts in city government. Neither are 
the cities able financially to maintain a corps of experts 
who can successfully cope with the highly trained organiza­
tion of the modern large u tility  corporation.
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The next place we may look therefore, is to the 
legislature of the state. Here again we find the persons 
into whose hands this work w ill f a l l  usually unqualified to 
handle it .  Also we find that the machinery which must be 
used for this purpose is  cumbersome and slow moving and but 
poorly adapted to the needs of this situation. The legislature 
must needs also legislate for the whole State at once or 
be convicted of discrimination. It is therefore unable to 
take into account local conditions in making its decisions.
It must be guided more by averages and regulations made 
to f i t  average conditions. Nevertheless this method of 
u tility  regulation has been tried in various cases -  notably 
the regulation of railroad rates.
These sporadic efforts at a solution of the problem 
of public u tility  regulation could not hope to accomplish 
any very permanent good but at most only a temporary a llev ia ­
tion of the particular pain which was at that moment most 
acutely affecting the body of public sentiment. A complete 
cure of this malady could only be secured after a thorough 
diagnosis of the case by an expert and an application of a 
remedy by the same expert, in short, by a thorough and 
complete investigation of a l l  phases of the problem and a 
fina l decision founded upon moderation and justice to a l l  
parties concerned and carried out by an impartial agency.
To whom then, shall we look for this solution? Obviously 
it must be some agency with the breadth of view necessary 
to take a wide outlook on the subject and the authority 
to enforce its decision. Quite evidently this can be 
none other than some properly constituted arm of the 
general authority or government. The constitution of the 
United States gives the federal government no such power 
as would enable it to carry on an activity such as this.
In the absence of an enabling amendment, therefore, we w ill 
have to go to the next highest authority -  the sovereign 
state. Thus therefore has grown up the idea of public 
u tility  regulation by state commissions.
The creation of these state commiissions has 
resulted in the removal of u tility  regulation from the hands 
of the small local politician and placing it in the hands 
of a body of men especially selected for their fitness along 
these lines. This body, on account of the breadth of its  
jurisdiction, is able to take the most comprehensive view 
of the situation and is not so likely to be influenced by 
petty local questions. Again the state commission, on 
account of the volume of business which it  must handle, 
finds it necessary to maintain a sta ff of experts upon whom 
it may call for advice and to whom it may go for an investi­
gation and analysis of the particular question in hand.
The commissions therefore find it necessary to equip themselves
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Above indicates Matters over which Commission has Jurisdiction,
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with an organization comprising engineers, accountants, 
statisticians and various other kinds of highly trained and 
specialized experts. A ll this tends to secure more expert 
and thorough consideration of a l l  the questions involved than 
could possibly be given by a local body or one whose primary 
object was not the consideration of such matters as these. 
Inasmuch as a large number of the questions involved in public 
u tility  regulation are of an engineering nature, it follows 
that the engineering department of the commission’ s organization 
is of great importance and the fie ld  of the engineer in this 
work is exceedingly wide and covers greatly diversified  
activities.
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II .  SCOPE OF UTILITY REGULATION
If we assume that the regulation of public u t i l i ­
ties is necessary and justified, we are immediately confronted 
with the question of how far this regulation should extend.
To what extent may we go in the protection of the public and 
not be guilty of trespass on the rights of the corporation to 
manage its own affairs? Again we have the limitation placed 
by the size of the Commission’ s own organization and its  
consequent ab ility  to handle the work put up to it* In 
general it  may be said that regulation should proceed only 
so far as is necessary to protect the public in its rights 
to good service at fa ir  rates and to protect the corporation 
in its enjoyment of its  monopoly so long as it  gives good 
performance,
As to what departments of the u t ilit ie s  organiza­
tion should be supervised, is another question. To provide 
the proper safeguards, the supervision should begin with 
the very inception of the enterprise. This is accomplished 
by requiring the promoters of a new u tility  enterprise to 
secure from the State Commission a certificate that public 
convenience and necessity w ill be served by the completion 
of the project. Before this certificate is issued a public 
hearing w ill usually be held at which the promoters are 
required to give their reasons for supposing that there is  
a public demand for their service in the location chosen and 
also to show their financial ab ility  to carry through the 
project. Oppdrtunity is  also given to other u t ilit ie s  in 
the vicinity to show that their territory is being infringed 
i f  they so consider it .
The proper location of a proposed u tility  is a 
very important matter i f  the result is not to be disaster.
I believe that an engineering report of the u t ility  of the 
chosen location to properly support the business ought to be 
a part of every proceeding involving the location of a new 
u t ility . This should be made as much for the protection of 
the prospective investors as for that of the prospective 
consumers. Of course the large u t ility  corporations are 
not going to extend to new fie lds without the proper engineer­
ing investigation by their own organization but I believe 
from my observation of a laxge number of small u t ility  enter­
prises that at least one half of them are located in places 
where there is not sufficient demand for their service to 
enable the u t ility  to furnish that service at reasonable
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rates and s t i l l  earn for the invested capital the return 
it has a right to expect. Of course the Commission cannot 
assume any responsibility for the subsequent failure of the 
enterprise or guarantee the results in any way but where 
the report of the engineer clearly indicates unfavorable 
conditions I believe that the desired certificate should 
not be issued. Man  ^ good-intentioned but ignorant people 
assume that because of the spectacular growth of certain 
large u t ility  corporations that the business is a get-rioh- 
cpiick bonanza and only find out their mistake when it  is 
too late and their capital of lifelong savings is wiped out.
When such a person after becoming the operator of a 
public u tility , finds himself confronted by the fact that 
his patronage is  not as he expected or such as w ill allow 
him to exist, he brings his problem to the Commission 
which is then confronted by the dilemma of allowing the 
unfortunate concern to quit business with the consequent loss 
to the owner and consumers who have installed expensive 
equipment to furnish and use the service, or of continuing 
it at such high rates as to be unreasonably expensive to 
the consumers who cannot afford to discontinue the service 
on account of the investment in appliances. The Commission 
might save itse lf the solution of this unpleasant problem 
by a thorough investigation through its engineers at the 
start.
The regulation of capitalization is a v ita l function 
of the regulatory body in order that the integrity of the 
property may be protected for the investors. I f , through 
inflated capitalization the ultimate return to the investor 
is  lowered below the normal return in other fie lds, we 
shall find capital forsaking the u t ility  fie ld  with a 
consequent impossibility of expansion or maintenance of the 
service. Of course, the consumer should not be expected to 
pay rates which w ill yield a return on a fictitious can ita li- 
zation.
The Commission in its business of regulation 
cannot become responsible for the proper capitalization of 
u t ilit ie s  or guarantee a return upon capital actually 
invested; it only undertakes to see that i f  the business is 
properly organized and managed that the returns shall be 
adequate i f  this can be done without injustice to the 
consumer. I f  the proper engineering investigation of the 
proposed location is made beforehand, it  w ill be reasonably 
assured that the service may be rendered at rates which w ill  
work no hardship on the consumer. It is then up to the 
Commission to see to it  that the proceeds of the capital 
issues it  has authorized are invested in the property and
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that they are properly spent. In other days it  has often 
happened that only a minor portion of the capital actually 
rasied has been invested in the plant and a much too large 
share has gone for promoters* fees and various other kinds 
?£ unwarranted expenses. To guard against this contingency 
the Commission should require an accounting in the form of 
a detailed report showing the distribution of the proceeds 
of the capital issues. This report should then be carefully 
scrutinized by an engineer who may determine i f  the amounts 
charged are normal or abnormal. He may, i f  necessary, make 
an eicamination in the fie ld  to determine whether the money 
has been spent as shown and whether the completed plant is 
adequate to the service expected to bo rendered.
When the u t ility  is ready for operation and ready 
to begin rendering service, the question presents itse lf  
as to how far the Commission may legally, and with propriety, 
go in the regulation of its  operations. I believe that 
complete regulation of the operation of a u t ility  would be 
not only impossible but inadvisable. It would be impossible 
because of the Commission's lack of sufficient force to 
completely supervise these operations. To do so in the 
State of Illin o is  would require a force of probably two 
hundred men which is, of course, out of the question. 
R eflation  of operation would be in a large measure inadvis" 
able because of the fact that the Commission would find it 
necessary to stand responsible for the conduct of the whole 
^siness i f  it interfered too much with operations. The 
Commission’ s engineers, of course, should give whatever 
suggestions or advice they are asked for or should point out 
comparisons for the benefit of the operating force.
is the concrete result of operation and 
here the Commission’ s engineers may properly step in and 
prescribe standards to which the Company must adhere. The 
public has granted the corporation a monopoly in its fie ld  
and it is therefore up to the corporation to render good 
service -  it is its duty to the public. Fully ninety 
percent of the complaints received by the Commission are 
complaints as to service; a number of the others have their 
inception in poor service which aggravates and annoys the 
consumer t i l l  he finds it  necessary to complain about 
something and the firs t  concrete thing he gets is his 
monthly b i l l  of which he immediately complaints, when his 
original grievance was poor service.
The quality of service rendered by the u t ility  
company is one of the points in which the consumer has the 
most interest. It is one of the Company’ s best opportunities 
to develop a favorable attitude in its consumers. In the
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past it has been the part of the consumer to accept whatever 
grade of service is rendered to him and be thankful for it .
The corporations themselves, however, have found that their 
success is in direct proportion to the quality of their 
service and consequently the more enterprising u t ilit ie s  
have found it desirable to make constant improvements in 
their service in order to properly develop tl® business.
The demands of modern day business are constantly 
growing more exacting and constantly require of the u t ilit ie s  
more peffect service. The natural advance in the arts also 
makes for the rendering of better service. Most large 
u tility  corporations are alive to the fact that even though 
they are not in direct competition with other u t ilit ie s  
they are indirectly so. The modern world is so small that 
comparisons are easy and the u t ility  company finds its  
service compared with that of other companies in other 
places. For these reasons, it becomes necessary for the 
public regulatory commission, through its engineering 
department, to establish standards of service for various 
classes and sizes of u t ilit ie s . Of course, it is unreasonable 
to expect the same quality of service from a u t ility  serving 
a town of one thousand inhabitants and one serving one hundred 
thousand. Such service could not be rendered except at 
rates which would be prohibitory.
This matter resolves it s e lf  largely into a 
compromise between rates and service. The small u tility  
makes enough concession in rates to place the service in reach 
of the majority while the consumers accept a grade of service 
which can be rendered at these rates. The service rules 
promulgated by the Commission through its engineering 
department should therefore be sufficiently flex ib le  to care 
for these situations and should also admit of such variation
various purely local conditions 
which might render the generally accepted rule irksome to 
some particular u t ilit ie s . This where regulation by 
state commission really shows its  great superiority -  its  abili. 
ty to care for each case on its own merits without having to 
measure a l l  cases by the same rule. *
The enforcement of these rules should be looked 
after by a corps of engineers or investigators who should 
make regular inspections to determine whether these rules 
are being complied with or not. Their purpose should not 
be, however, to make destructive criticism but rather 
constructive suggestions which should be a real help. For 
this reason these men should be high class men capable of 
recognizing and taking into account the peculiar problems 
of each u t ility . It also behooves the Commission to see to 
it that these men are of high quality because this is one
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important point of contact between the Commission and the 
U tilit ie s  and as such, should make a favorable impression on 
the u t ilit ie s . A man in this position who lacks tact and 
ability  along these lines can create more unfavorable opinion 
on both sides than in almost any other branch of u tility  
regulation. When these men see an exceptionally good result 
as obtained by some u tility  they should be able to retain 
in memory the methods by which this result is obtained and 
when another u t ility  is encountered with the same problem, 
but without this solution, they may be an actual help by 
suggesting the proper means for solving the problem.
Too often the service supervision degenerates into a mere 
department of meter testing and a bureau for handling routine 
complaints. The opportunity lies open to the engineer in 
charge of this work for any State Commission to greatly 
strengthen the prestige of his Commission, both with the 
u t ilit ie s  and the public and within and without his own state 
by an awakening to the possibilities of his position. At the 
same time he has the opportunity of creating for himself a 
reputation for ability  which would be enviable.
Every State Commission which can be called a u tility  
regulatory commission has the power to regulate rates. Indeed 
this is the very fundamental point upon which a ll attempts 
at regulation were firs t  founded. It is also the most important 
point to be considered in the regulation of u t ilit ie s . Because 
of its  monopolistic character and the consequent impossibility 
of regulation by competition, the regulation of public u tility  
rates becomes a prime necessity both from the standpoint of 
the public and that of the u t ility . The Supreme Court of 
the United States has said, *The power to tax is the power 
to destroy," and certainly the unregulated rates of a 
monopolistic u t ility  constitute the "power to tax". Because 
of its  great importance and the number and complexity of the 
problems connected therewith, it is necessary to treat this 
subject of rate regulation in a separate discussion. Most 
of the problems in connection with this work are of an 
engineering nature and require the most expert handling so 
that the work of the engineer in connection with u tility  rate 
regulation requires his best efforts and most concentrated 
application.
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I I I .  RATE DETERMINATION.
There are many factors affecting u tility  rates, 
some of them local and some general. In general the factors 
most affecting the fin a l rate determination are, plant 
valuation, depreciation and operating expense. The relative 
value of these features varies with the different classes of 
u t ilit ie s . I f  we are considering u t ilit ie s  such as a 
railroad or water works which have comparatively long lives, 
the questions of plant valuation and depreciation are of minor 
importance inasmuch as they enter into the final results to 
only a very slight degree. If, however, we are considering 
a short lived u tility  plant such as an electric u tility , the 
question of valuation and depreciation assume greater relative 
importance. I do not believe, however, that in any case these 
features merit the extreme and exhaustive consideration 
usually given to them. The great determining feature of 
the rate question is operating expense allowance.
Ordinarily in rate making proceedings the represen­
tatives of both sides dwell at great length upon theories of 
valuation and depreciation and spend hours and days in an 
endeavor to reconcile the figures of different engineers on 
those matters and then pass over with l it t le  consideration 
the calculations of normal operating expense which are really  
important in the final rate determination. I f  we assume an 
electric u t ility  with a physical plant worth |100,000 and 
allow a rate of return of 8 percent and a depreciation 
allowance of 4 percent we must provide in the rates, on 
account of interest and depreciation #12,000, while the 
normal operating expense of such a u tility  would be in the 
neighborhood of #35,000 to #40,000 yearly. This means that 
an error of 10 percent in the valuation would be present 
as 1.2 percent in the fina l result and would then represent 
approximately 2.5 percent of the total required revenue, 
whereas a corresponding error in operating expense would 
represent 7 percent error in the required revenue. An 
error in operati^  expense is therefore three times as 
important as a similar error in valuation. As stated 
above, in oases of longer lived u t ilit ie s  where the depre­
ciation allowance would be around 2 percent instead of 
4 percent, this comparison would be even more marked. I do 
not mean by this that valuation is a negligible feature but 
that operating expense allowances are relatively more 
important and should receive much more consideration than 
they do.
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The question of plant valuation is one which has 
received voluminous consideration at the hands of everyone 
connected with u tility  regulation. Engineers have evolved 
many and various theories in support of various methods of 
making valuations. Volumes have been written on the subject 
and immense eunounts of time spent in the attempts to make 
some one theory applicable to a ll cases and solve a l l  problems. 
Any of the theories i f  followed consistently w ill produce 
a creditable result but I do not believe that any one theory 
w ill produce a result such that we may say "This is the 
true theory". I believe the most that any of the theories 
and methods can do is to point the way to"the final correct 
solution. Also, of course, each of them has its peculiar 
value to one faction or the other in a rate making proceeding 
as it  tends to favor his side of the case.
I f  the public u tility  business had been conducted in 
the past in an honest and careful manner, the question of 
valuation would not now be occupying such a large amount of 
time. Moat u tility  companies are carrying on their books 
a plant account which purports to represent what the property 
nas cost the investors. Very few of these, however, actually 
represent the cost of the property and many of them do not 
even remotely represent actual capital expended even where 
this capital might be in excess of the actual cost of the 
physical property. These discrepancies have come about due 
to the diversion of capital to promoters and the inflation  
of values at the time of merger of two or more companies.
"Fair Value" for rate making must consider many 
things. The fixing of the fa ir  value in any case is, of course, 
a matter for the Commission itse lf and is no part of the duties 
of an engineer. However, the guidance of the Commission in 
its decision by the presentation of various facts affecting 
fa ir  value are very largely part of the engineer’ s province.
Two of the most important elements in fa ir  value are 
"going value" and "physical valuation". The so-called  
"going value" is supposed to be that value which a property 
possesses outside of its  physical value because it is a 
successful enterprise aind possesses the goodwill and confidence 
of its  patrons. It is akin to the thing called "goodwill" 
in ordinary business. Regulatory commissions have, in general 
been very loath to recognize or allow this value unless 
overwhelming proof of its  existence is shown.
Engineers have developed various ingenious theories 
and methods for calculating the amount of going value supposed 
to be in a property. Most of these seem to have been invented 
to f i t  some particular case and some are exactly contradictory. 
The most common methods in use for computing going value are
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known as the "comparative plant" method, "the deficit" method 
and the "coat of attaching the business" method.
In the comparative plant method an identical plant 
is assumed to be starting to render service as of the date of 
the valuation and the time is estimated during which it w ill 
have to operate before it is able to show a revenue equal to 
that of the existing plant. The excess of earnings of the 
existing plant over the comparative plant Is then calculated 
at its present worth each year during the development period 
and the sums of these amounts is the going value.
In the deficit method we may arrive at an absolutely 
absurd result. It is assumed in this method that the investor 
had a right to earn each year a given percent upon his invest­
ment from the time of his original investment. I f  he has 
fallen short of this in any year the amount of deficit is 
capitalized at an assumed rate of interest and the sums of 
these various amounts are supposed to represent going value.
To my mind they represent the opposite. Instead of representing 
the earning value of the property or goodwill, they represent 
its  ability  to produce a large deficit. The poorer the 
property,the largerthe going value. This places a premium on 
poor management.
The third method consists in analyzing the company’ s 
records and determining from its new business expense the 
amount per consumer which it has cost to attach the business. 
This multiplied by the number of consumers gives the goine value. o &
All of these results represent things which are 
largely visionary, as in the eyes of the Commission the fact 
that the u tility  possesses a monopoly of the business precludes 
the possibility of a goodwill value which must consist in 
ability  to secure business over competition. Many of these 
amounts have also been charged into regular operating expense 
and so have been paid by the consumer as they were incurred 
ano can represent no value in the property at the present 
time.
Another element to be considered in the determina­
tion of fa ir  value -  promotion costs is made up of fees paid 
to promoters and others for the disposition of stocks, etc.
These are usually represented by stock and bond discount 
and stock bonuses, etc. They do not represent actual physical 
valae but are intangibles. Promotion costs are usually taken 
care of by being amortized out of earnings and cannot therefore 
be considered as part of the value of the property.
There is a great deal of vatriation between the
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methods of dealing with various kinds of u t ilit ie s  and the 
problems are different. For this reason we w ill consider most 
of the matter which follows from the standpoint of the electric  
u tility . We w ill consider the other u t ilit ie s  only incidentally 
as they may affect the electric u tility  or as some other point 
connected with some other u tility  may be of especial interest.
Physical value is made up of the actual cost of 
the various items of property plus certain intangibles called 
"overheads* and which are a part of the actual physical cost 
but are of such a nature as not to be easily divided among the 
various units of physical property.
Before proceeding to make a physical plant 
valuation we must have a lis t  or inventory of the units which 
go to make up the physical property. These units are counted 
or estimated and classified according to a form of inventory 
made up so as to put the matter in an orderly form. In taking 
inventory of electrical u t ilit ie s  we use a classification which 
proceeds from the plant where the energy is generated to the 
place of fina l consumption of the energy. The main divisions 
of this classification are;
A -  Land
B -  Buildings
C -  Production Equipment
D -  Transmission System
E -  Distribution System
F -  Service Connections
G -  Consumer's Premises Equipment
H -  General Equipment
J -  Materials and Supplies
K -  Non-Operating Property
Each of these main divisions is then subdivided 
as far as necessary to secure the information in such form 
as w ill be needed in the fina l calculation of rates, etc., 
as for instance:
E -  Distribution Sg^tem
E-1 Substation Equipment
E-3 Underground Lines
E-3 Overhead Lines
E-4 Line Transformers
E-5 Municipal Lighting Equipment
and further subdivision:
E-3 Overhead Lines
E-3-a Supports and Fixtures 
■E-3-b  Conduct oxs-------------
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For the Purpose of determining costs of property engaiged in 
various classes of service further subdivision may be made:
E-3-a aipports and Fixtures
E-3-a-I Commercial 
E-3-a-II Municipal
When the inventory is completed and classified  
we must next proceed to apply prices to the items contained 
in it . These prices are made up on a unit basis and include 
the cost of the unit with additions for freight and carteige, 
storage and handling charge, labor installing, and an aljowance 
for supervision of labor, tools, incidentals and time lost.
When the set of unit prices is complete and has been applied to 
the quantities shown in the inventory, the overheads must be 
added. These overheads are added in the form of percentages 
which are estimated from the experience of the engineer as to 
what these elements usually sunount to. The overheads usually 
considered are;
Engineering
General Supervision
Interest during Construction
Insurance during Construction
Organization
Legal Expense during Construction
General Contingencies
As before stated these items form part of the 
actual physical cost of the properties but are such as apply 
to the property as a whole rather than to its units and cannot 
therefore be included in the unit costs. This completes the 
physical valuation.
In general it may be said that there are two 
theories of valuation in common use by engineers, each theory 
having its own adherents. These theories are termed the 
"Reproduction cost Theory" and the "Original Cost Theory" 
and purport to represent, as their names imply, the cost to 
reproduce the property as of a certain date and the original 
cost of the property. In their actual working out each of 
these theories presents certain d ifficu lties . However, i f  
either is followed consistently throughout, I believe the 
result attained should have a great deal of weight in deter­
mining the value of the property. In addition to these, 
the Illin o is  Public U tilit ie s  Commission has evolved and 
santioned a third method which we know as the normal-reproduction 
method.
As I stated before, the original cost method
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purports to show what the property actually cost at the time 
it was installed. To make a valuation on this theory then 
involves the ascertaining firs t  of the dates on which the various 
items of property were constructed. This is usually comparatively 
easy to do as, i f  there are no records available, there are 
usually employees or officers of the Company who can furnish 
this data with reasonable accuracy.
The next thing to be done is to determine what the 
Company actually paid for the items and the cost of installing  
them. This is not so easy to do. In the case of the older 
companies it is almbst always impossible to find complete data 
upon the prices paid for various units of property. It is  
usually possible, however, to find a l l  the information necessary 
about the rates of wages paid to labor. It is surprising, 
however, what an amount of information in regard to original 
cost can be collected i f  a ll possible sources are used. In 
following the original cost theory consideration must he 
given to the fact that the property was probably not built as 
a whole but was constructed on a piecemeal basis and therefore 
probably required more labor than would be necessary in wholesale 
construction work. The usual result is that when a l l  possible 
information is collected and made use of that there s t i l l  is 
a considerable gap to be bridged before the valuation can be 
completed on this basis. The engineer then finds it necessary 
in order to complete this work to use his knowledge of what 
similar work has cost in other places at a corresponding time 
and under like conditions. Of course, this source of information 
should be used to the least possible extent in the preparation 
of this kind of a valuation as there is always a possibility  
that conditions w ill have changed to such an extent that it  
is no longer possible to determine the conditions under which 
work was originally done.
A good many engineers in representing u tility  
corporations in rate making proceedings prefer to base their 
cases upon a valuation made upon the reproduction theory. This 
is perhaps only natural as the reproduction valuation w ill, 
in general, result in arriving at a higher cost for the property 
than a valuation on the original cost theory. However, this 
need not always be so. The gradually upward trend of prices 
of labor and most material for the past twenty years or more 
is responsible for this general result. However, i f  the 
original construction were attended by great d ifficu lties  
attende.nt, say upon the necessity of maintaining service during 
new construction, it might very well be that the original cost 
at lower unit prices for labor and material would e»oeed the 
reproduction cost which cannot consistently consider these 
d ifficu lties. In the original cost valuation fu ll  consideration 
should be given to matters of this nature. For instance, I 
have in mind a case in which a new power station building was
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built around and over an old building which housed a power 
generating equipment in continuous operation. This necessitated 
that a ll work should be done from the outside of the new building 
and required great care in the handling of material, etc. This 
necessity for continuing the operation of the old plant made 
hhe new building cost at least twenty percent more than would 
be expected considering only the prevalent prices of labor 
and material, A reproduction coat valuation of this plant at 
tha t time would have ignored this twenty percent excess cost 
if  it  were consistent.
What then constitutes the reproduction theory? The 
reproduction theory in its purity consists in a valuation of 
an exactly similar property to the one under consideration which 
shall be deemed to have been constructed from the ground up 
to its present state and be ready to render an exactly similar 
kind and amount of service upon the date of the valuation.
It then considers construction upon a wholesale basis and upon 
a time schedule which shall be most economical as to labor 
required and money invested. Of course, it must consider 
material prices strictly as they existed at the moment when 
with the exercise of reasonable judgment and foresight the 
corporation would have been most likely to have purchased it  in 
order to complete the undertaking upon the rate determined.
The prices for labor must also be those prevailing during the 
time of construction.
To prepare an intelligent and consistent reproduction 
valuation then requires firs t  the preparation of a time schedule 
such as might reasonably be followed in the constn;ction of 
the property. The dates of purchase of material are then 
determined and the prices prevailing on these dates discovered. 
This last is, of course, a purely niechanical operation as the 
records of current prices are complete. The rates of wages 
paid various classes of labor during the periods when these 
classes of labor would normally be employed are then ascertained 
and with this information a set of unit costs are built up 
representing as nearly as may be the cost of the various items 
of property as they would be reproduced in the construction of an 
exactly similar property to be ready to render service at the 
date of the valuation.
A strict application of either the original cost 
theory or the reprodu.ction cost theory is attended with 
some d ifficu lties and each has some disadvantages. As mentioned 
above, it is usually impossible to discover the true original 
cost of the items of property. Then, too, the original cost 
of an article may be either very much less or very much more 
than its cost at the date of valuation. The u tility  cannot 
very well contend for a straight reproduction valuation either 
because it may be that there are abnormal factors existing at 
the time of the valuation which, i f  they had been present.
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at the time of the inception of the bueineas would have 
absolutely prevented the undertaking. An attempt to modify 
these theories to meet these objections and s t i l l  call the 
result by its  original name leads to confusion and misunder­
standing. The Illin o is  Commission has developed a method which 
is used by its engineering department and which surmounts some ’ 
of the d ifficu lties and bbjeotions to the reproduction method.
We call this the normal-reproduction method.
In the application of this normal-reproduction method 
we use reproduction prices on a ll material not subject to violent 
fluctuation in price. On these other items we use averages 
over a period of time. This period of time is selected of 
such a length as to result in the elimination of either 
abnormally high or abnormally low conditions which may exist 
at the instant and cast discredit upon a strict reproduction 
valuation. We believe that it  results in throwing some 
additional light on a subject which is at best rather cloudy.
Of course the only bearing a physical property 
valuation can have on the rate is through the interest and 
depreciation allowances. The aunount to be set aside out of 
revenues for the payment of interest depends upon the rate of 
return allowed on the property by the Commission. The fixing  
of this rate of return is a problem wholely up to the 
Commission its e lf but a consideration here of some of the 
factors entering into the fixing of this rate w ill not be 
out of place.
We a l l  know that the rate of return to capital 
invested in various enterprises varies and it  is an economic 
fact that this rate depends rather greatly upon the security 
of the enterprise. The return on U.S. Government bonds up 
to the period of the late war was about 3^ percent. On the 
other hand the return on certain highly speculative investments 
(incase they pay a return) may run up to 25 percent. We may 
state this as a general rule, the return on capital invested, 
i f  more capital is to be attracted to any line of investment, 
must be such as to be commensurate with that which might be 
realized were the same capital invested in other lines of 
like hazard.
In a state where the u t ilit ie s  are given a monopoly 
of their territory and are absolutely protedted in the enjo3rment 
of this monopoly, this rate of return might be less than in 
another state where the fie ld  was open to a ll kinds of competi­
tion. In the State of Illin o is  the u t ility  corporations are 
protected from a ll  kinds of competition except municipal 
competition and here the decisions of the Commission have, 
in general, fixed a rate of return varying between seven and 
eight percent.
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In the consideration of the valuation of the physical 
property there is another factor which always enters into 
the question -  depreciation. Depreciation is that factor 
which makes any unit of the plant less able to do its work 
as edonomically and efficiently  as when it was new. Depreciation 
is of several kinds and is  dependent upon several factors.
The most commonly accepted causes of depreciation are known 
as obsolescence, inadequacy and actual physical wear.
Obsolescence i »  caused by the advance in the arte. 
Whenever an engine is perfected which w ill do the same work 
as those at present in use with less expenditure of energy, 
the present ones havd immediately lost some of their value and 
begun to become obsolete. Each successive advance in the 
arts detracts further from the value of this machine until it is 
only a question of time when this unit w ill be worthless from 
this cause above because the new up-to-date machine can save 
in operating expense an annual amount equal to the interest on 
the cost of the present unit.
It is also the history of the u tility  business that the 
business grows each year and the plant must grow also. Soon 
the old units have become too small to furnish the required 
service -  they have become inadequate and most be replaced 
with larger units.
The influence of actual wear and tear is another 
element which goes to make up the total of depreciation. On 
certain classes of u tility  property this is the majority of 
the total annual deprediation -  on other classes it  is the 
least item. There have been few, i f  any, improvements in 
the manufacture of water pumps for a long time and therefore 
physical wear is a large percent of the total of depreciation 
in a water u t ility . On the other hand, the electrical arts have 
progressed so rapidly and the electric u t ilit ie s  have grown 
so swiftly that the physical wear is the smallest part of 
the total depreciation in electrical machinery.
It is usual in making a physical property valuation 
to make an estimate of the accrued depreciation on the items 
of property and to determine therefrom the present condition 
of the physical units. By the use of this present condition 
we may determine the so-called "present value" of the property,
I prefer to call this figure the "cost less depreciation".
The terms "cost" and "value" are not synonyms.
Cost means the actual money expended in the purchase or con­
struction of an article while value means something entirely 
different. Cost is fixed; value is relative. An article may
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have cost a certain anount and its value may be much leas or 
many times greater than its  cost depending upon its usefulness, 
its scarcity of its peculiar adaptability to the needs of its  
present situation. A unit of u tility  property might be hopeless iy| 
obsolete and inadequate and absolutely worn out and its  
usefulness entirely gone -  in other words, its  accrued depre­
ciation might be 100 percent and s t i l l  its value might be 
greater than its cost new for purposes of an exhibit in a 
museum. The term value cannot be used without modificiation; 
we must know "Valise for what".
In determining "cost less depreciation" we must 
consider many things. There are engineers who think it possible 
to determine condition percent by knowing only the age of a 
unit and using a so-called " li fe  table" which w ill give a 
figure of the average l i fe  of like units under average conditions. 
We know that a given unit w ill not be allowed to remain in 
service so long in a large city as it would in a small town.
It does not wear out but becomes obsolete and inadequate.
We must therefore expect a longer l i fe  in the small town 
than in the large and consequently a lower rate of annual 
depreciation. We must determine condition percent only in the 
light of local conditions and after taking account of a ll  
past and probable future history of the unit.
We, of course, recognize that in most articles  
there is a certain value le ft  after the article is absolutely 
worn out. This is its  junk or salvage value and is  not 
subject to depreciation as it  is always there. In dEbermining 
depreciated cost we must, therefore, f irs t  subtract from the 
cost new the aunount of this salvage value and then apply 
the condition percent to the remainder -  the wearing value -  
afterwards adding back the salvage value.
Salvage value being the junk value of the unit 
or the amount for which it  may be sold at the end of its  l i fe  
might be hard to determine at the beginning of that l i fe .
What then shall we do to estimate this value? To estimate 
this value as of the date when the unit is to be salvaged 
would be nearly impossible. I believe thqt the selection 
of the salvage value at the date of installation w ill give the 
best results and i f  followed consistently, w ill give a consistent 
result. At least it is a relatively fixed amiount whereas the 
use of any other amount is merely conjecture.
This factor known as depreciation is the thing which 
makes it necessary ultimately to replace the entire plant 
or certain units of it .  We must therefore be prepared for 
this contingency by the setting up of a fund from which the 
money may be drawn for the purpose of making these replacements.
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The manner in which this is done is not so important as to make 
sure that it  is done. This is  the mistake made by most u tility  
oprators who eventually fa i l  -  they do not realize that a l l  
the money they have le ft at the end of the year is not profit 
and consequently when the time for replacements comes they 
are not prepared. This is also where many innocent investors hav't 
been snared -  they have been attracted by large returns naid 
by a company which have been paid out of funds which should 
have been laid  aside to meet depreciation. Some of the 
methods for accruing a fund from which to meet depreciation
straight line methods, the "sinking fund 
method , and the "equal annual payment method".
straight line method we start with the 
theory that each unit of the plant depreciates an equal 
amount cJuring each year of its l i fe .  I f  its l i fe  is  twenty 
years it  w ill depreciate five percent each year. We w ill  
therefore lay aside each year five percent of its cost new 
to care for its replacement at the end of its  l i fe .  This 
method does not contemplate that the depreciation fund shall 
be charged with any earning power itse lf . The sinking fund 
method consists in laying aside such an amount each year that 
at the ®ii<i o£ the l ife  of the unit the sums of these amounts 
together with the compound interest on the successive payments 
at an assumed rate shall equal the cost new of the unit.
Of course, this scheme gives a smaller annual amount to be 
laid aside for depreciation than the straight line method and it 
frf®   ^ much higher condition percent during the eaflv
than the straight line method so that this 
method for figuring accrued depreciation finds much favor 
among engineers representing u t ility  corporations.
The equal annual payment plan produces results 
practically identical with those produced by the sinking fund 
method^t is founded on somewhat different theory. With the 
straight Ixne method the consumer should be required to nav 
interest each year only upon the cost less denreciation of
the investor should look to the proper invest­
ment of his acc^ed depreciation for the balance of the return, h  ^hat this would require a different rate for
identical service each year and would result in the consumer 
getting a lower rate each year that the property got older.
This is practically an absurdity.
'^^ tth the sinking fund method the earnings of the 
fund are required to complete the fund each year so that the 
con^raer is required to pay interest each year on the entire 
cost new of the property when this entire cost new is no
however, gives equal amounts each
tJ! ?fi I  °o^s^®er and consequently equal rates ouring the l i fe  of the property.
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With the equal annual payment plan we w ill assume that 
the consumer paye equal rates each year tut that the depreciation 
accruals shall be so proportioned that the amount le ft after 
deducting depreciation shall just equal the interest upon the 
cost new less accrued depreciation at that time. To show the 
comparison graphically let us assume a plant which cost new 
|100,000 and which w ill have a li fe  of twenty years and 
assume that money can be had for 5 percent and assume also that 
the sinking fund w ill earn 5 percent. The amounts to earned 
each year and their distribution w ill be as set forth in the 
following tables:
Straight Line Method
Years Present
Value
5 percent 
interest
5 percent 
depreciation
Sum Paid By 
Consumer
1 100,000 5,000 5,000 10,000
2 95,000 4,750 5,000 9,750
3 90,000 4,500 5,000 9,500
4 85,000 4,850 5,000 9,250
5 80,000 4,000 5,000 9,000
6 75,000 3,750 5,000 8,750
7 70,000 3,500 5,000 8,500
8 65,000 3,250 5,000 8,250
9 60,000 3,000 5,000 8,000
10 55,000 2,750 5,000 7,750
11 50,000 2,500 5,000 7,500
13 45,000 2,250 5,000 7,250
13 40,000 3,000 5,000 7,000
14 35,000 1,750 5,000 6,750
15 30,000 1,500 5,000 6,500
16 25,000 1,250 5,000 6,250
17 20,000 1,000 5,060 6,000
18 15,000 750 5,000 5,750
19 10,000 500 5,000 5,500
30 5,000 250 5,000 5,350
The calculation of interest is made before the depreci
tion is deducted, since the investor gets no use of the deprec
tion allowance until it is accrued at the end of the year.
It is apparent that the consumer was forced to pay 
nearly twice as much for his service the firs t  year as the last.
The effect of putting the accrued depreciation in a fund 
drawing interest at 5 percent would be n il, for the interest 
earned would pay a ll  the extra dividends to the security holder
to which he would be entitled. The contribution of the consumer 
would then remain as shown.
Page #33
Sinking Fund Method
Years Present Sinking Total Interest Depre- Sum Paid By
Value Fund 5^ ciation Consumer
1 100,000
3 96,980 3,030 100,000 5,000 3,030 8,020
3 93,810 6,190 100,000 5,000 3,020 8,030
4 90,470 9,530 100,000 5,000 3,030 8,030
5 86,970 13,030 100,000 5,000 3,020 8,020
6 83,300 16,700 100,000 5,000 3,030 8,030
7 79,440 20,560 100,000 5,000 3,020 8,020
8 75,390 24,610 100,000 5,000 3,020 8,020
9 71,140 28,860 100,000 5,000 3,020 8,030
10 66,680 33,320 100,000 5,000 3,030 8,020
11 61,980 38,020 100,000 5,000 3,020 8,020
12 57,060 42,940 100,000 5,000 3,020 8,020
13 51,890 48,110 100,000 5,000 3,020 8,020
14 46,460 53,540 100,000 5,000 3,030 8,020
15 40,760 59,340 100,000 5,000 3,020 8,020
16 34,770 65,330 100,000 5,000 3,020 8,020
17 38,480 71,520 100,000 5,000 3,020 8,020
18 .21,870 78,130 100,000 5,000 3,030 8,020
19 14,940 85,060 100,000 5,000 3,020 8,030
20 7,650 92,350 100,000 5,000 3,020 8,020
Since the earnings of the sinking fund are added to
the fund and the1 security holder gets no advantage from them.
it follows that the consumer must pay the return on both present
value and sinking fund. it w ill be! noted, however, that the cost
to the consumer is uniform throughout the l i fe  of the plant.
Suppose , now, that the deposit of the sinking fund is in the bank
of the sole stock holder of the company, it is quite apparent
that this fact cannot disentitle the stock !holder to his 5 per
cent on the present valiae and on the depreciation reserve
besides . The holding of the depreciation reserve does him no
good because its entire earnings are required to replace the
property when it is worn out. Does it not :follow that , as long
as the property is there and running, the stock holder is
entitled to receive his 5 percent on the present value of the
property plus what the depreciation reserve ought to be, or.
what amounts to the saune thing, is not the stockholder entitled.
under this method, to earn at a ll times his 5 percent on the
new value of the property?
This bring us to the "no depreciation" theory . I f ,
as seen the preceding p§:ragraph, the stockholder is entitled
to earn an amount equal to the new value of the property, why
should the property be deemed to depreciate at all? Substantial
justice is done a ll  parties i f  interest is paid on the new value
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of the property and an amount put into a sinking fund sufficient 
to replace the property when it is worn out. I f  the stockholder 
keeps the fund in his own pocket the problem Is not affected, 
except, of course, that i f  hedoes not replace his property 
when it is worn out his revenue must stop.
The injustice in the straight line method is in the 
discrimination between users at different periods in the l i fe  
of the property. The variation of value must be incorrectly 
determined to bring about such a result. This trouble does not 
enter the "sinking fund" and "no depreciation" methods, but is 
replaced by another. The poor logic is apparent of allowing a 
sinking fund to earn twice -  once as compound interest in the 
fund,, and once as return. Why should the consumer continue to 
pay interest on the original investment when he knows absolutely 
that the property has depreciated, and that the entire value is 
no longer there?
As before sta.ted the equal annual payment plan is 
based on the principal already advanced that the sum of annual 
interest arid depreciation charges should remain constant; that 
interest should remain at a constant rate and be calculated 
on the present value of the property; that depreciation accruing 
should be subtracted from the present value fo r one year to get 
the present value for the next. These conditions are met in the 
following table:
Equal Annual Paymenb
Year Present
Value
Interest5fo Depreciation for the year
1 100,000 5,000 3,020
2 96,980 4,850 3,170
3 93,810 4,680 3,340
4 90,470 4,520 3,500
5 86,970 4,350 3,670
6 83,300 4; 160 3,860
7 79,440 3,970 4,050
8 75,390 3,770 4,250
9 71,140 3,560 4,460
10 66,680 3,320 4,700
11 61,980 3,100 4,92012 57,060 2,850 5; 170
13 51,890 2,590 5,430
14 46,460 2,330 5,700
15 40,760 2,030 5,990
16 34,770 1,730 6,390
17 28,480 1,410 6,610
18 21,870 1,090 6,930
3? 730.....37Q .. 7,390--------- 24550_____
Sum Paid By 
Consumers
8,020
8,020
8,020
8.030
8.030
8,020
8,020
8;020
8,020
8.030 
8,02C
8,020
8,020
8,020
8.030
8.030
8.030
8,020
8,020
............6!020 ........—
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The reason for the amounts of depreciation used is that 
they ^re the only amounts that comply with the conditions.
They follow the law D * Di X(1 + where D is the deprecia­
tion accrual in question, r the rate of interest used in com- 
puting return on the investment, n the age of the property in 
years, the firs t  year’ s accrual is found from aun annuity table 
and is such an amount as w ill equal the value of the plant at 
the end of its  l i fe  i f  paid into a sinking fund every year, 
the fund drawing compound interest at rate r. The sum of the 
annual depreciations in the depreciation column is equal to 
f 100,000 in this example shown. Whether the depreciation allow­
ances accrued are put at interest and the interest paid to the 
stockholder or the accruals are paid directly to the stockholder 
is a matter of indifference since the consumer is paying interest 
only on the present value of the property in either case.
Comparison w ill show that the consumer has paid the 
same amount every year under the "equal annual payment" plant 
that he paid under the "dinking fund" and "no depreciation" plans. 
I believe that either the sinking fund or the equal annual 
payment plan is logically the correct method to follow in 
accruing a depreciation reserve with the weight of logic in 
favor of the equal annual payment plan were it  not for the fact 
that it  requires more complicated reasoning to apply i t .
The last and probably the greatest factor in a rate is  
operating expense. Under normal conditions the determining 
s-^fowance for operating expense ought not to be 
d ifficu lt but it ought to be done with great care as an error 
here w ill be reflected to a marked extent in the rate.
It may be said here, however, that low operating exoense 
does not always mean low rates. In fact we may find that a 
poorly constructed inefficient plant with high'operating exoaise 
may render service to short hour users such Ss residenci l i f t i n g  
electric consumers actually cheaper than a model plant having  ^
high efficiency and low operating expense but consequently high 
fixed charges. If we are to supply electric energy to the long 
hour power consumer the result is reversed so we must take into 
account the class of business to be had in determining our type 
of construction. ®
Operating expense includes a l l  expense not covered by 
interest and depreciation and taxes, etc. That is, the expense 
of running the property outside of maintaining the investment 
intact and secure. It is usual to classify this operating 
expense under heads relating to the part of the operation where 
the expense is incurred. A classification very usual with 
electrical engineers and in fact almost universal is ;
Paige #36
1. Production Expense -  Plant expense in maintenance and
operation of plant, or purchased
power.
2. Transmission Expense -  Expense of maintaining and operat­
ing high voltage transmission lines.
3. Distribu-ti on Expense -  Expense of maintaining and operat­
ing low voltage local distribution
lines.
4. Utilization Expense -  Expense connected with use of energy,
renewal of street lamps, repairs, etc.
5. Commercial Expense -  Expense of b i l l i i^ ,  meter reading and
collecting,
6. New Business Expense -  Expense of attaching new consumers
and advertising.
7. General Expense -  Supervision and management, legal and
miscellaneous expense.
It is important that expense should be properly charged 
among these various accounts so that the rates shall reflect 
the true balance of things. Of course it  is somewhat d ifficu lt  
to make these charges absolutely accurate especially in small 
plants where one man may be engaged during a day in two or more 
of these classes of activities. However, care should be used 
to make the classification as accurate as possible.
Here is where the engineer sometimes finds a real 
problem if  books are not kept in sufficient detail and expenses 
properly allocated, I have seen cases where the only record 
of expenses was the stubs of the checks which were used to pay 
b i l ls .  In these cases the engineer must build up an estimate 
of normal expense almost entirely upon the basis of his 
experience and judgment. He must examine the operation of the 
plant very carefully in order to be in a position to make 
these estimates intelligently.
Many times also the engineer as a result of his 
analysis is able to point out mistakes in operating methods and 
call attention to needed improvements. He is also able, as a 
result of his fam iliarity with the methods of others similarly 
situated to render material aid to the small plant owner 
who is not able to avail himself of the services of technically 
trained men.
The cost of the service rendered is the sum of a 
numbef of items. Most of these have been discussed above. The 
cost of the service to any particular class, however, is made 
up of different proportions of these items. In order, therefore, 
to form an intelligent rate schedule, it is necessary that the 
sum total of these individual items should be divided upon some 
definite basis between the various classes of service which are
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being rendered. We have then the problem of properly allocating 
the aunounts of interest, depreciation, operating expense and 
taxes to these classes of service.
It is the province of the Commission it s e lf  to fix  
the rate of interest but by a proper apportionment of the plant 
valuation, any rate of return may be applied with equitable 
results. This part of the work furnishes the reason for the 
classification of inventory as set forth previously inasmuch 
as it  is necessary to have the various quantities of plant 
so classified  that those which are to be allocated on the 
saune basis are classed together. This is also the reason for 
the classification of operating expense shown. Annual accruing 
depreciation is also to be apportioned in the same way as 
plant value.
Let us see what the bases of some of these allocations 
are. What determines the size of a plant which shall be con­
structed in a given location? The peak load. Therefore, we 
must apportion the cost of production equipment and land in 
some way using this peak load as the basis. The usual way is to 
determine from the records the day on which occurs the yearly 
peak and then to plot a series of load curves showing the load 
on that day for each class of business and the total plant load. 
The coincident demands of the various classes at the instant 
of the station peak is then talj£|i as the basis for apportionment 
by determining the percent each’" of the total peak and allocating 
that fraction of the plant cost to each class.
This usually gives the heaviest part of the investment 
to the residence and business lighting as this yearly peak 
usually occurs about 6 or 7 p.m. This fact accounts in part 
for the usual condition of high lighting rates and lower power 
rates or off-peak service rates. What are we^going to do, 
however, when the situation is reversed as it may be and 
the peak occurs in the daytime and is occasioned by the power 
load and not the lighting? Under these circumstances this 
theory completely breaks down. We w ill then have high power 
rates and low lighting rates. That, of course, would never do 
for under those conditions the power business would be lost.
One state commission confronting exactly this 
condition found it necessary to forsake entirely their prsviously 
espoused theories and resort to arbitrary tactics. I believe 
a solution which would meet a ll requirements and be just and 
which would not result in a total failuEe when condtions changed 
would be to divide the investment on the basis of the ratio 
which the individual peaks of the classes of business bear to 
the sum of these peaks. This would in general give more 
investment to the power than the other method but would not be 
subject to the reversal mentioned above.
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Production expense which is the expense of generating 
or purchasing a given number of kilowatt hours must be divided 
in the ratio of the kilowatt hours furnished to each class of 
service.
Transmission systems should be divided on the same 
basis as distribution systems. Distribution systems should be 
firs t  divided between municipal and commercial service which 
is partly done in the inventory and may be completed by dividing 
jointly used property such as poles on the basis of the number 
of contacts of each system. The commercial part of a distributior 
system is then s t i l l  further divided among the classes of 
commercial service.
It is obvious that a part of the transmission and 
distribution system investment is necessary for mechanical strengtl: 
and bears no relation to the load on the system. Any excess or 
heavier construction than that required for mechanical strength 
is placed there on account of the electrical demands on the 
system. It appears, therefore, that this portion of the 
distribution and transmission system, these mechanically necessary 
lines should be divided on the basis of the number of consumers 
and the excess should be divided on the basis of the relative 
demands Of the various classes of service. We have found that 
this usually makes about one third of these items distributable 
on the basis of demands and two thirds on the basis of the 
number of consumers.
Transmission and distribution expense may also be 
divided on the same basis as the investments in these items. 
Investment in services should be divided on the basis of the 
number of consumers. A service to a power consumer may be heavier 
than that to a residence but it w ill be shorter also and therefore 
the cost w ill not be so much different.
r
Consumers premises equipment, which consists of 
meters, rented appliances, etc. should also be divided upon the 
basis of the number of consumers.
General equipment should be divided on the ratio 
which the sums of the previous subdivisions bear to each other.
Materials and supplies should be divided on the same 
basis as general equipment.
In the division of the other classes of operating 
expense -  Utilization expense may be distributed on the basis 
of the number of consumers except that the municipal u tilization  
expense should be kept separate and be deducted before the other 
distribution is made as it w ill usually be nearly one half of 
the total. Commercial expense should be apportioned strictly  on
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the basis of the munber of consumers as the expense of reading 
a meter and making out a b i l l  and collecting it does not vary 
much between consumers. New Business and General Expense 
should be apportioned in the ratio of the sum of a l l  other 
expense.
There is one other problem which occupies quite a 
place in the consideration of these cases and that is  the 
division of property and operating expense in cases where two 
or more u t ilit ie s  are operated jointly. This would be the 
case where there w^s an electric u tility  and a heating u tility  
operating by exhaust steam from the electric plant. Sometimes 
these problems of proper division become very complicated 
but they should not be where there are proper records of 
operation kept.
In the particular instance mentioned above, there 
are two hypotheses along which we may proceed. We may treat 
the heating u tility  as an equal and divide the investment 
and expense on the share and share alike basis or we may 
treat it as a by-product and charge it with only the excess 
cf the cost over the electric operation alone. The latter  
method is the one usually chosen as being the most reasonable 
and the nearest to the facts at the time of the installation  
of the heating u t ility . The application of the fir s t  theory 
w ill result in the allocation of the greatest amount of 
property and expense to the dependent u tility .
Of course, where we have 
u t ilit ie s  such as a water plant and 
jointly, we w ill find that the share 
is the equitable one. Usually both 
reap a decided advantage from joint 
the fact that they more efficiently  
account of their ability  to operate
two practically independent 
electric plant operated 
and share alike method 
u t ilit ie s  w ill be found to 
operation^ on account of 
utilize  labor and on 
at a higher load factor.
In several of these oases which I have handled and 
which involved electric and heating u t ilit ie s  it has been 
possible to determine the coal used per kilowatt hour during 
each month of the year over a period of several years. This 
enables us to determine the excess of coal used during the 
winter when the heating season is on over that in the summer 
when there is no heat. This expressed in percent gives us a 
factor by which to divide the jointly used property and the 
joint items of. operating expense. Other bases may be used 
where necessary but this is the most common and usually 
satisfactory where the necessary records have been kept.
In the formation of a rate schedule we w ill, of 
course, have a rate for each class of service to be rendered
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and among which the property and expense have been divided.
After we have divided the investment (and therefore the 
interest and depreciation) and the operating expense, we may 
find the total cost to the company of rendering each class of 
service as the sum of these various factors. We have, as 
shown above, for each class of service some expense which is 
chargeable to demand, some to number of consumers and some to 
energy. We must now work out a set of theoretical rates.
By dividing the expense chargeable to each element 
by the number of units of that element we have the cost of 
a unit demand — usually a kilowatt, a unit consumer expense 
and a unit energy expense or expense per kilowatt hour.
Each of these unit charges w ill be the same for a l l  classes of 
service and the only thing which w ill influence the final rate 
is the relative size of these factors in each class of business 
and the form of rate best adapted to this service.
To plot the curve of a theoretical rate w ill 
require us to assume a demand for the basis. For this we may 
assume the average demand of a class of consumers. For instance, 
let us assume we are plotting the theoretical rate for residence 
consumers in a place where the average demand of residences is 
,35 kw,, the cost of service is $2.00 per kw, of demand, 50  ^ per 
consumer and 2,5^ per kw-hr. This curve w ill be expressed by 
the equation y »  ^ t • This curve w ill be found plotted
on sheet 31. I f  we asiUme a business consumer in this same 
town with say an average demand of .75 kw., the curve w ill 
^6 y "  — ^  . This curve is shown on sheet 33. The rate 
of a power consumer whose^demand was 10 kw, would be shown 
by the curve y = 3.5x »3050 .
X
We may assume that the residence consumer w ill have 
a load factor of between 5  ^ and 10  ^ and he w ill therefore 
earn a rate between these points marked.on the curve. The 
business consumer w ill' have a load factor of 15  ^ to 20  ^ and 
w ill earn a rate as shown on that curve. The piower consumer 
may have almost any load factor from 30  ^ to 90^. Some w ill 
f a l l  below 30% and very few w ill reach 90^. 50  ^ is a good •
average load factor for power users.
Under these assumed conditions therefore the 
residence user is theoretically entitled to a rate between 
5 and 8 cents; the business consumer should get a rate between 
4 and 5 cents; and the power consumer is entitled to a rate 
of possibly 3 cents or less.
In the practical working out of a rate schedule 
we find that we cannot apply these theoretical rates directly 
for a number of reasons. In the firs t  place the use of a 
rate containing three parts is clumsy and leads to infinite
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arguments with the consumer. Again this would result in each 
consumer receiving a different rate which would be very 
expensive for b illin g . Another consideration which arises here 
is that we must design our rates in such a way that they w ill 
produce a certain pre-determined revenue in order that the 
theory of rate regulation may be justified. We find therefore 
that we must make some modifications of these rates before 
they can be put to practical use.
When we come to study the different types of rates 
we find that there are infinite varieties of rates. Most of 
them, however, can be reduced to a few typical forms or 
combinations of forms. By a close examination we find that 
each cf these types viewed in the abstract possess certain 
disadvantages but we also find that certain of them are 
particularly fitted  for use in certain classes of business 
and that applied here they possess advantages over other 
types for the same application.
Rates may be divided into two general classes -  
rates for unmetered and for metered service. Many people 
think that rates for unmetered service or so-called "fla t rates" 
are obsolete but the fact is that there are places where 
they are the only kinds of rates justified. Also for 
certain special classes of service this type of rate is in 
common use. An uncontrolled fla t  rate is in general but an 
invitation to abuse the service. Where the service is ade­
quately controlled this rate can be perfectly satisfactory.
This type of rate is in almost universal use for municipal 
street lighting service where the hours of burning are 
controlled by the company. It is also in common use for 
service to sign lighting consumers where the demand equals 
the connected load and the hours of burning are controlled. 
Certain small towns where the service is available only 
from dusk to midnight or 11 p.m. are also legitimately 
served by a fla t  rate service. Here the income from the 
business w ill not warrant the additional investment in meters.
There are a large number of metered service rates. 
These rates may be divided into various classes depending on 
the basis of charge. Most of these have naunes which refer to 
the man who firs t  proposed them. There is the demand type 
of rate and the uniform rate per kw-hr. Of course, most 
rates take into account the demand in some form. The 
commonest forms of demand rate are the Doherty or three-charge 
rate, the Hopkinson or two-charge rate, and the Wright demand 
or hours use rate.
The Doherty rate is just what wewould have i f  we 
applied the theoretical rate above shewn to the actusd con­
sumption. We have a consumer charge which is supposed to
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cover b illin g  and meter reading, a demand charge which covers 
fixed chargee on plant investment and a kilowatt hour charge 
for the actual energy cohsumed. The worst feature of this 
rate is that it is complicated to apply and hard for the 
consumer to understand.
The Hopkinson rate is in common use for power con­
sumers but is very l it t le  used for lighting. It consists 
of a demand charge and an energy charge. The consumer charge 
is absorbed in the demand charge.
The Wright demand rate or hours use rate is an 
attempt to secure a demand form of rate without the complica­
tions of the other forms of demand rate. In this rate a rate 
is stated for the firs t  block of energy corresponding to so 
many hours* use of the maximum demand, a lower rate for the 
next block of so many hours’ use of the demand, etc., with 
the last rate being for the excess of energy over the sum of 
the otter blocks.
The form of rate known as the "block rate" is simply 
a rate for a given number of kw-hrs., a lower rate for 
another given number, etc., with the last rate for the excess 
over the sum of the other blocks. This rate shows on its  
face no trace of the demand feature but the demand is con­
sidered in its make-up. The uniform rate is simply a fixed  
rate per kw-hr. regardless of the amount used. It is very 
l i t t le  used at the present time.
The theoretical rates shown have no provision for 
a minimum b i l l  strictly  speaking -  they provide for the 
payment of the consumer charge and demand charge whether energy 
is used or not. This conforms to the idea known as a 
service charge. While being very nice in theory the service 
charge does not meet with popular favor because of the dislike 
which consumers have of paying "something for nothing" as 
they express it .  The idea of paying the company simply for 
their readiness to serve does not appeal to them, I believe 
however, that this form of rate is likely to come more and 
more into favor as people become educated to its use. This 
service charge which should be equal to the average demand 
charge plus the consumer charge d iffers from the two-charge 
demand rate in that it  is the same for a ll consumers of a 
given class while the demand charge of the two-charge 
rate is different for each consumer and is determined by his 
actual demand.
Although in the past many companies have operated 
without a minimum b i l l  the arguments in its favor are 
irrefutable and practically a ll companies at the present time 
have a provision for a minimum b i l l  attached to each rate.
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The minimuKi b i l l  does not attempt to cover the same things 
which the service charge covers but in reality it  does cover 
a part of them and in addition it  has to cover a certain amount 
of energy consumption. A service charge to cover a ll  it is  
intended to cover must be so large in addition to the energy 
charge that it  creates a good deal of resentment among the 
cons-umers. In the case noted above the service charge to a 
residence consumer would be about tl.OO. The minimum b i l l  may 
be so arranged as to cover the consumer charge only plus a 
certain amount of energy and the demand charge be absorbed in 
the firs t  blocks of the rate. It w ill be found usually that 
a charge of t.75 as a minimum b i l l  for residences w ill cover 
the consumer charge plus an amount of energy up to the value 
of the minimum b i l l  and that thereafter the demand charge may 
be taken up in the rate,
Wt w ill usually be found that some certain type of 
rate is especially adaptable to a particular class of service 
and is peculiarly desirable from the standpoint of its  effect 
on the growth of the business. An examination of the various 
rate schedules in effect in the State of Illin o is  w ill also 
show that the u t ilit ie s  recognize this. It would be very 
desirable, however, i f  a rate could be developed which 
could be given to a ll consumers. Frequently a consumer comes
in and argues that he ought to have the same rate being a
large residence consumer>that a small business house w ill get. 
He is no doubt right but as rate schedules are built he 
cannot have this. It is possible, however, to develop a 
schedule having such characteristics that any consumer might 
be allowed to take it  and a ll  would be equitably served on the
one schedule. Such a rate is shown below together with the
results of applying it to various consumers of different 
characteristics.
This rate is not designed to be theoretically correct 
but solely with the idea in view of allowing every consumer to 
be on the same rate. For that reason it might not be easy to 
justify some of the provisions of this rate. It might, however, 
be worked out more carefully and be made to conform to theory 
and s t i l l  be workable. I believe some such rate as this would 
be the way out of many d ifficu lties which confront some 
u tilit ie s . It would certainly simplify the rate schedule.
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UNIVERSAL RATE
Demand Energy
First kw.,1 .50 First 50 kw-hrs.,
Next 4 kw., 1.00 Next 300 kw-hrs.,
Next 45 kw., 2.50 Next 750 kw-hrs.,
Next 100 kw,, 2.00 Next 4000 kw-hrs,,
Excess Of 150 kw., 1.00 Excess Of 5000 kw-hrs.,
4 f
3-k
1 <H
15.0 30.0 40.0 100.00
4.0 6.0 11.0 28.00
9.7 9.3 8.6 7.25
2000 wat t s 1demand.
25,0 50.0 100.0 200.00 300.0 500. C
1.7 3.4 7.0 14.00 21.0 3.5
14.0 11.0 8.5 7.35 6.5 5.5
Applied to residence of 500 watts demand.
Consumption kw-hrs.
Load factor ^
Rate  ^ kw-hrs.
Consumption kw-hrs. 
Load factor ^
Rate kw-hrs.
Applied to business of 1000 watts demand.
Consumption kw-hrs. 
Load factor ^
Rate  ^ per kw-hr.
Consumption kw-hrs. 
Load factor ^
Rate  ^ per kw-hr.
Applied to wholesale power of 100 kw, demand.
40.00 80.0 160.00 320.00 500.0
5.50 11.0 22.00 44.00 70.0
9.35 7.9 6.95 6,04 5.1
10,000 watts demand.
300 400.00 1000,0 5000.00
3 6.00  ^ 14.0 70.00
30 9.75 6.3 3.36
Consumption kw-hrs. 10,000.0 30,000.00 
Load factor % 14.0 43.00 
Rate * per kw-hr. 4.1 3.04
50,000.00 70,000.00 
70.00 97.00
1.63 1.45
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If we examine the rate schedules at present in effect 
in most places we w ill find that the majority of residence 
rates aSe of the block type. Some few are of the Wright demand 
type. The reasons for this are that the block rate is easiest 
for the ordinary consumer to understand the s t i l l  comes fa ir ly  
near the theory.
Where the Wright demnd rate is in effect for residences 
we w ill usually find that the block rate is inequitable on 
account of the great variation in the size of residences and 
the block rate must be made to f i t  the average. The result of 
applying a block rate under conditions like these would be to 
discourage the smaller consumers and give the large consumers 
a very low rate -» probably lower than their load factor should 
entitle them to. The Wright demand rate is then selected as 
meeting the objections of inequality although we sacrifice 
some advantages due to simplicity of the block rate.
Very seldom do we find a rate of any other than these 
two types in effect for residences as their use would so com­
plicate the situation as to render a large number of consumers 
dissatisfied and hinder the development of the business.
When we examine the situation with regard to business 
lighting rates, we find that the block rate for this purpose is 
confined to the smaller towns while the larger cities have 
almost universally adopted the Wright demand rate. This is  
because the variation in the size of the consumers in this 
class makes the use of some rate which considers the 
demand imperative. The Wright demand is the least complicated 
of these, so it is  used. The use of a block rate would 
discourage business and the use of a more complicated rate 
would disgust the consumers.
As we come to power rates we find a Situation where 
the size of the consumers varies several thousand percent 
and the use of a rate which does not consider the demand is 
out of the question. Some companies resort to the practice £f 
classifying their power consumers according to size and applying 
different forms of rate to each but this is but weeding out the 
majority who may be cared for on simple schedules. Inevitably 
when the larger consumers are reached the rate becomes of 
the two-charge type. This form of rate admits of the widest 
variation in size of consumers with an equitable rate to each. 
Here we lose much of the disadvantage of this form of rate 
as the consumers are usually of such a size that they are 
able to hire expert advice and employ technically trained 
men who can explain these rates and satisfy the consumer that 
they are just and reasonable.
For lighting the streets of the municipality we usually
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find a rate of the unmetered variety and find it based upon a
certain size and type of illuminants and 
with the hours of burning specified. Here a metered rate 
would be needless refinement as the kw—hrs. used are only a 
matter of calculation with the conditions known.
For certain kinds of power business there is a 
special formof rate known as the "o ff peak" rate. These rates 
are usually of the same type as the regular rate exoent that 
they may provide for discounts or lower demand charge*on 
condition that the consumer agrees to keep off the lines at 
certain hours designated as the peak peitlod. The theory of 
this is that these consumers help to f i l l  in the valleys in 
the load curve and do not add to the peak and are therefore 
especially desirable consumers.
There are numbers of other forms of rates which are 
more or less special cases and have been developed to attract 
special classes of business. These rates many times are not 
based on theoTj but are fixed up to suit the case. These rates 
are becoming fewer as the regulation of rates becomes more 
lirmly established as it  was just such discrimination as 
they present which led to the establishment of rate regulatorv 
bodies. A fu ll  history of the rate situation would require a 
volume but we have discussed the most important ooints in 
this matter,
. curves following w ill show the practical rates
which might be expected to be developed from the theoretical 
rates of pages 31,32 and 33, The theoretical rate curves
dotted in to show the relation between the two. It 
noted that in the residence block rate a ll  consumers 
w ill follow the same curve. In the business Wright demand 
rate, each consumer w ill have a curve corresponding to his 
demand and only those consumers having the same demands w ill 
be on the same curve. With the power*"rate the same things 
holds t ^ e  but it  is a rate of a different type and presents 
a smooth curve while the others are sections of different 
curves joined together. It w ill also be noted that there is a 
considerable area between the theoretical rate and the porti on 
0  the curve representing the minimum b i l l »  Quite a number of 
consumers may be expected to fa l l  within this area and it 
is therefore necessary that the further portions of the 
curve be higher than the theoretical curve in order to com- 
pensate for the loss of revenue due to those who f a l l  below 
the theoretical on the higher portions of the curve. This
fact that the minimum b i l l  does 
not cover the theoretically necessary charges^
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IV, REVENUES
The thing the u tility  company is most interested in 
is  revenue. It is revenue for which they operate the "business 
and for the increase of which they scheme and plan and improve. 
It is  also fina lly  revenue which the regulatory body regulates 
when they regulate rates although they are also interested in 
adjusting rates equitably as between consumers and classes of 
consumers. As it is revenue which is the criterion by which 
we measure the effect of rates it follows that after each 
rate calculation must come a calculation of revenue derivable 
thereform. The calculation of this revenue, therefore, 
becomes of great importance as upon its accuracy depends the 
success of rate making. The Commission must be able to 
forecast accurately the revenue which w ill be derived from a 
given schedule of rates.
In the calculation of the probable revenues to be 
derived from a given sche'dule of rates, cognizance must be 
taken of a ll the conditions which surround the application 
of the proposed schedule. I f  it la a decrease over the former 
rates the business is likely to increase. I f  the rates are 
an increase, the business w ill decrease. If a certain type 
of rate is superseded by one more favorable in form, the 
business under this classification may increase tremendously. 
Even an increase in rates may be attended by an increase in 
business i f  the conditions of the application of the rate are 
changed so as to make the rate available to new consumers.
There is only one way to be absolutely sure as to 
the effect of a new rate on the business and that is to 
wait and see, Howevep, it may be calculated to within a 
very narrow margin by the use of good judgment and experience.
The surest way of being accurate is to apply the 
new rates to the whole of the latest years business making 
such deductions or additions as experience ju stifies . This 
may appear to be a tremendous undertaking but in reality it 
is not so formidable a task. To apply a"schedule of rates 
we must have the statistics of consumption of the various 
classes of consumers -  that is -  the kilowatt hours used per 
month by each consumer for each month in the year. By 
properly tabulating these statistics and condensing them it 
is possible to secure the result of the application of almost 
any rate in a very few calculations. To do this we make use 
of an equipment of Hollerith tabulating and sorting machines.
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We have adapted the families Hollerith card to this work as 
is shown by the samples shown on separate sheets. The firs t  
shows the card adapted to receive statistics in large towns 
where the monthly consumptions run rather high and where it  
may be desired to apply various types of rates. Enough 
information is secured by the use of this card to enable 
the application of any type of rate desired. The second 
card shows the form adopted for the collection of statistics  
in smaller towns where the consiomption is not so large and 
where it is only necessary to consider the block form of 
rate. With the firs t  form, two cards are necessary to 
secure a complete year’ s business for each consumer . Card 
No, 1 would be punchedPl" under "period" and would indicate 
consumption from January to June. Card No, 3 would be punched 
period "2" and be from July to December. With the second 
form one card only per consumer would be needed. After these 
cards are punched they are sorted and tabulated by the machine 
and a table mauie as follows in Table I. This table is then 
condensed into the form of Table II , We are now ready to 
apply to this set of statistics any rate of the block type.
If desired to apply a Wright demand rate a table such as 
Table I I I  is prepared and to this may be apnlied any rates 
desired.
The results of the procedure above outlined w ill be 
to show what the revenue would have been under the proposed 
schedule of rates for the latest year available. It remains 
to translate this into terms of the future. For this purpose 
we secure data sufficient to plot the annual output curve of 
the u tility  as shown on the following curve sheet for as many 
years as are available. This shows the trend of the business, 
A consideration of this curve w ill show the rate of growth 
of the business under normal conditions.
I f  the new rate is to be an increase this rate of 
growth w ill have to be modified by whatever amount of 
experience seems to justify . We have collected a large 
number of statistics concerning the effect of various changes 
of rate, both increases and decreases, and these are used 
to determine the modification necessary to show the proper 
percent of increase to apply to the figure found to obtain 
the probable revenue under the proposed rates.
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4 4 4 4 4
5 ^ ^ ^ 5
6 6'6  6 6
7 7 7 7 7
8 8 8 8 8
9 9 9 9 9
Kind
Business
0 c
2
3 3
4 4
5 5
6 6
7 7
8 8 
9 9
Class
Rate
0 
T 1 
2 2 
a g
4 4
5 5
6 6
7 7
8 8 
9 9
FD January 
July
K I L O W A T T  H O im S
F!D February  
August
NC
)i0 0 0 0
p i  1 1
2 O 2  2
3 3 3 3
4 4 Q 4
5 5 sC
6 6 6 6
7 7 7 7
8 8 8 8
9 9 9 9
FI) March  
September
X
^ o Q o  0 
p i l l  
2  2 O 2  
3 3 3 3  
4 4 4 4
5 5  sC
6 6 6 6
7 7 7 7
8 8 8 8 
9 9 9 9
N C
A 0 0 0
F B  April 
October
X
N C
1111 
2 2 2 2
3 3 3 3
4 4 4 4
5 5 5.5
6 6 6 6 
7 7 7 7
®:?,Cr
9Q 9 9
F B  May 
November
L
O o  0 0 
1111 
2 2 2 2
3 3 3 3
4 4 4
5 5Q 5
6 6 6 6
7 7 7 T\
8 8 8 8 
9Q 9 S
NC-"'
0i 0 0 0 0
F B  June 
Bee ember
N C  * ^
1
2
3
1!4
1111 
2 2 2 2
3 3 3 3
4 4 4 4
5 5 5 5
6 6 6 6
7 7 7 7
8 8 8 8 
9 9 9 9
(SiH
>Hm
0 ; 0 0 0. 0 TJcCD
1111 
2 2 2 2 
3 3 3 3
4 4 4 4
5 5 5 5
6 6 6 6
7 7 7 7
8 8 8 8 
9 9 9 9
m i
(Si
FORM NO. I
Hollerith card adapted for collection and tabulation of 
statistics in large townso
Columna 1 - 5 ,
Columns 6 -10,
Columns 11-13,
Columns 13-14,
Column 15 ,
Column 16-45,
cation of statistics.
b illed .
Shown whether this card is January, June, July 
or December.
F.D* punched means prompt payment discount forfeited this 
month.
H.C. punched means consumer was not on t i l l  f irs t  month 
shewing a consumption.
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\_____ KILOWATT HOURS -
Account ■ - 0)
A
Kind ■ 
Business
Jail. F e b . Mar, .
x O
A p r .  
F D  
X N C
May
F D
X N C
Jun e
F D
X N C
J u ly  
F D  
X N C
A u g .  
F D  
J) N Q
Sept.
FD
) nc ■
Oct. 
F D  
X N C
N o v .  
F D  
X N C
Dec. 
FD 
X FiC
| | Q  o  0  0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 c 3 0  0 ) 0 0 ) 0 OjJ o  0 ) 0  0 . )  0 0 0) 0 0 3  0 0
1^1 Q '1 1- 1 1 1 I Q 1 1 1 1 1 1 1 1 : )  1- ) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1l,1 1 1 1 1 1 1 1
2 2 Q Q 2 2- ) 2 2 2 2 2 2 2 2 2 2 2 2Q 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 i2 2 2 2 2 2 2 2 2
„ 3 3 3 3
o - -----
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3(• 3 3 3 3 3 3 3 3 3
S 4  4  4  4 4  4 4 4  4 4  4  4 4  4  4 4  4  4 4  4  4 4 4 4 4  4  4 4  4  4 4^  4  4 4  4  4 4  4  4 4  4  4 4  4  4
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ; ; H a ) 5 5 5 .-:vrr:Y'l\ .5 5 5 5 5 5 5 6 5
6 6 6 6 6 C 6 6 6 6 6 6 ($6 6 6 6 6^ 6 6 6 6 6 6 6 6 6 6Q 6 6 6 6 eQ e j !6 ^ 6 6 6 6 6 6 (5 6
1 1 1 1 7 7 7 7 7 ;
1
7 7 7 7 7 7 1 1 1 1 1 1 1 1 1 7 Q  J1 1 1 7 7 7 7  7  7 'j ‘7 7 ) 7  7  7 7 7 7
8 3 8 3 8 8 8j 8 8 8 8 8 a 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 0 ^8Q8 8 Q  ) 8 8 8
9  9 9 9 9 9 9 ! 9 9 9 9 9 9^9 9 9 9 9 9 9 9 9 0 ' ) 9 9 9 9 9 9 9 9 91 9 9 ,9 9 9 91 9 9 9 9 J )
Hollerith card
Columns 1- 4,
Columns 5- 6,
Column 7 ,
Columns 8- 9,
Columns 10-45,
FORM NO II.
tistics in small towns.
tion of statistics, 
kw-hrs. per month ui 
one year.
F.D. punched means consumer forfeited prompt payment discount 
in this month.
N.C. punched means consumer not on lines during this month.
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* ^ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0  
11 111 1111 11 111 11 111 111 1111 111 111111 1111111 111 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
^ 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  3 ' 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
’- 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
6 6 6 6 6 0 0 6 6 6 6 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
9 9 9 9 9 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 0 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
FORM NO I I I .
Plain Hollerith card to be used in tabulation of any class of 
ddta. Used by us for inventory work and a ll  matter of this 
nature.
Kw-hrs. January & July 
Qons«I.iO« lay-hrs.
0 -5
5 -9
10
11
12
13
14 
15- 20
25
30
40
50
75
100
150
200
250
300
400
500
1000
159
77
17
10
11
12
7
55
34
29
41
24
40
26
23
20
5 
2
6 
1 
3
372
558
170
110
132
156
98
947
782
805
1448
1088
2458
2240
2773
3445
1026
550
2069
406
1658
TABLK I
GONSUMKR STATISTICS 
BUSIHBSS LIGHTING
February & August March & September April & October 
Coni^ .l.lQ« Iiw-hrs» Cons «Mo» Kw-hrs « Cons «Mo« Ev/-hrs.
May & November 
Cons. 0 « Kw-Jirs.
TOTAL 602 23491
157
85
15
11
17 
11 
15 
46 
32 
32 
38 
31 
31
18 
28 
15
8
2
2
2
2
598
367
622
150
121
204
143
210
787
738
905
1344
1412
1921
1500
3504
2562
1794
578
677
845
1062
21446
156
t9
19
19
17
10
13
47
31
26
53
24
31
17
26
16
3
2
5
2
596
367
586
190
209
204
130
182
808
706
714
1869
1086
1844
1345
3258
2751
698
558
1709
848
20062
136
93
21
17
14
11
19
47
37 
22
38 
33
29 
21
30 
13
5
3
2
1
2
594
314
694
210
187
168
143
266
806
857
617
1324
1517
1667
1870
3689
2242
1160
869
715
416
1080
20811
128
99
17
15
15
10
11
61
36 
19 
38 
30
37 
23 
27 
11
$
4
4
1
2
277
746
170
165
180
130
154
1086
824
531
1345
1382
2251
2008
3377
1857
1097
1078
1393
406
1136
June & December 
Gons«Mo« Ew-brs.
132
76
17
27
13
10
12
55
38
23
32 
26 
42 
19
33 
13
2
5
3
5
1
337
562
170
297
156
130
168
959
882
654
1099
1201
2651
1631
4090
2322
455
1402
1058
2218
542
P
<D
00
593 21593 584 22984
TABLE II
Table Showing the Consumer
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-Months
and Eilowatt-Hour Consumptions of
Business Consumers.
Kilowatt-hours
Monthly Consump- Consumer-
Total
Kilowatt-tion per consumer. months Hours ■
0-5 1828 42966 252 15127 302 31148 276 22089 318 286210 287 2870
11-20 2025 30397 :21-30 1179 3009631-^ 50 1369 53972 ;
50-100 1623 116381101-200 1261 179558201-and over 1225 634060
Total 11945 1060336
TABLE III
Table Showing the Consumer-Months and
Kilowatt-•hours Consumption of Business
Hours Use of
Consumers.
Consumer-
Total
Kilowatt-Maximum Demand Months Hours
First 30 hrs. use 4074 42310Next 30 hrs. use 2627 82954Excess over 60 hrs. 5244 935063
Total 11945 1060226
Page #50
As illustrating the possible accuracy of the methods
used, I submit the result of an actual year's operation.
together with my estimate of these amounts made more than a
year previous.
OPERATING EXPENSE
Estimate of November 1, 1S17 and
Actual Year Ended December 31, 1918.
Estimate as of Actual Year Ended
■^November 1, 1917 December 31, 1918
Production Expense 115,077 fl3,554
Transmission Expense 390 78
Distribution & U tiliza -
tion 850 536
' Commercial 680 930
New Business 85
General 3.315 5.361
Total Operating Expense 130.313 ^30.414
REVENUE UNDER INCREASED RATES
Estimate of November 1,1917
Compared with Actual Year
Ended December 31, 1918
Estimated Year 1918
Year At 1 month old rates
New Rates 11 month new rates
Municipal Street Lighting 13,948 |3,779
Municipal Power 1,780 1,696
Residence Lighting Metered 5,497 5,178
Residence Lighting Unmetered 64 14
Business Lighting Metered 4,315 3,755
Business Lighting Unmetered 155 73
Commercial Power 3,876 3,430
Temporary Service 67
Forfeited Discounts 50 171
1177685 117,163
Add for 1 month old rates 350
117.685 IwUli
Add towns not increased 10.011Steam Sales 500.. .Ml JL24_ .. . .  1
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In the consideration of statistics of consumption we 
find a number of interesting points brought out. One of these 
is the relation of rates to average consumption of electric 
c nsumers. The rates for residence lighting in this state 
vary from 8 cents per kw-hr. to 18 cents per kw-hr. There are, 
of course, very frj7 companies at either extreme but the effect 
of these various rates on the consumption in different towns 
under about the same conditions is interesting to notice,
I have in mind two cities of about the same size in this state 
and located within thirty miles of each other. In one of 
these towns the residence lighting rate is 12f cents per kw-hr, 
and the average consumption per residence consumer per year is 
115 kw—'hrss In the other one the rate is 8 cents per kw-»hr# 
and the average consumption per consumer per year is 207 kw-hrs. 
These towns are of 8000 to 7000 population and are average 
towns without any great amount of industrial activity. The 
consumption of the last town -  207 kw-hra. cer year -  is 
the largest of any town in the state regardless of size
All the points of this nature must be considered in 
fixing a rate schedule for any town. It must also be borne 
in mind tnat the people of the state have become accustomed 
to certain types of rates, etc., and any radical changes 
from these types must be made against the objection of the 
general run of the consumers and should therefore be made 
gradually i f  possible so as to give the consumers the chancs 
to adjust themselves to the new ideas.
The question of rate revision is one of extreme 
importance anyway and should not be attempted in a haphazard 
manner or without careful consideration of the probable 
effect of the changes proposed. The effect of i l l  considered 
rate revision may very well be disaster. This fact cannot 
be too greatly impressed;that a ll possible points should be 
considered in the light of past experience and changes made 
warily. ^
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V. Conclualon.
The regulation of u t ilit ie s  is a big problem and one 
which requires careful consideration on the part of the 
public. A large part i6f our national wealth is invested in 
public u tility  property and just now a number of these proper­
ties are in rather a preoa-rious condition due to the war 
situation. When these problems are solved by the public, they 
should be handled with an open mind and not on a narrow basis 
looking only to the present. The well being of our public 
u tilit ie s  is necessary for the future growth of our country. 
There is no other one agency which contributes so much to 
our national welfare and comfort as the public u t ilit ie s .
In former days the service now rendered by most 
u tility  companies was looked upon as a luxury and paid for 
as such. At thenresent day these services have become 
necessities and cur whole national l i fe  is built around them. 
How would our modern cities be possible i f  it  were not for our 
railroada and street railroads? And what would the public 
do without the use of electricity, gas or telephone service? 
These services have become so necessary and public in their 
character as to be indispensable. The right of the public 
to regulate theto can no longer be questioned. It has been 
held in numerous decisions of the United States Supremie 
Court that when a business becomes tinged with such a public 
interest that its regulation fa lls  under the general police 
power of the state. This was held as far back as 1891 in the 
leading case of Jifunn v. Illin o is , 94 U.S. 113. This decision 
has been repeatedly affirmed -  notably in Budd v. New York,
143 U.S. 547 and Brass v. North Dakota, 153 U.S. 391. The 
point therefore rests on no debatable ground but when the 
people attempt to exercise this right they should do it with 
c^re and in such a manner as to foster the growth of these 
very necessary institutions rather than stunt it . For this 
reason they should emplby policies of libera lity  and justice 
intheir dealings with the u t ilit ie s . A policy of parsimony 
and drastic regulation w ill be sure to result in interferirg  
with the free investmisnt of capital in u t ility  enterprises 
and a consequent slowing down of the heretofore healtly growth 
of our cities and towns.
The engineer is especially trained in the problems 
connected with these questions of regulation and ought to be 
able to direct and educate public opinion in regardto these
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matters so that the good of a ll concerned w ill be conserved. 
For this reason I believe that through his organizations and 
societies he should work for the practical and equitable 
solution of these problems and should assume the fu ll  
measure of responsibility for the solution of this question 
which is dictated by his ability  and especial fitness and 
training in these matters.
